Provides:
1. With Silicon system

o Track Reconstruction
Momentum measurement over
n=+17
Charge determination
Tagging of b-quarks
2. Fast Level 1 Triggering

1 Combining info. from mu
and preshower systems

1 Single e, p Triggers

Run ..'{f‘Eveng 5
02/96 14.20.3;

O

O

O

o DoE Review
Z - Uy + 1 min bias June 1999



: IH%

8 nested cylinders

o r =20 - 51 cm
Each layer

1 1 axial doublet

o 1 stereo (u or v)

XU - XV - XU - XV - ...
Constant pitch = 3°
Layers

11,2 -1.8mlong

n 2,8 -2.6mlong
Total channel count =77K

Clear fiber brings signal
to VLPCs -

7 - 11m

DoE Review
June 1999



Fiber Tracker
WBS 1.1.2

SubProject Managers
A. Bross/FNAL

M. Wayne/ND
Fiber Ribbons (1.1.2.2) Calibration System (1.1.2.6)
J. Krider/FNAL M. Wayne/ND
Notre Dame
Clear Waveguides (1.1.2.3) Support Cylinders (1.1.2.7)
M. Wayne/ND G. Gutierrez/FNAL
Notre Dame
VLPC Cassettes (1.1.2.4) Detector Assembly (1.1.2.8)
G. Ginther/UR G. Gutierrez/FNAL
D. Olis/FNAL
University of Rochester/FNAL
VLPC Cryogenics (1.1.2.5)
k. Krempetz/FNAL a

DoE Review
June 1999



D@-E.,ﬁ accanicall

How do we glue precisely?

« LAB 3 FACILITY

1 3200 ft2 of clean room space + 1800 ft2 general purpose area
» Ribbon fabrication
+ Ribbon Mounting
+ Tracker Assembly (Nesting)
* Facility houses CMM

0 4m X 1.5m X 1.5m

0 20 ym —
Volumetric precision (B89) I
e CMM is used for |
o Component QC il

+ Cylinders (mandrels)
» Molds, connectors, etc

o Ribbon Mounting QC
1 Cylinder nesting

L [ | B |

Typhcal HC-90R Instalation
Model HC-S0R 401616

DoE Review
June 1999



Scintillating Fiber Ribbons
WBS 1.1.2.2

Interlocking doublet
Pitch between 915 and 990

pm
6rooved substrate - machined
Delrin

« Substrate put into curved
backbone

o Fibers glued together with
polyurethane adhesive

« Edge control good to 5 mil
inter-ribbon gap specification

« Curved Torlon connectors then
attached

« Ribbons is then QC'ed using
scanning X-ray source

DoE Review
June 1999



Eg}g) ANSYS Model - Detail

ANSYS 5.3
JAN 51998
15:01:14
PLOT NO. 2
ELEMENTS
TYPE NUM

XV =-1

YV =1

ZV =-1
*DIST=10.608

*XF =-3.703

*YF =-3.427

*ZF =-14.506
CENTROID HIDDEN

DoE Review
June 1999




B

lide deletio

fiber traker_DO0,15 mils Ef=55 mpsi,/except 3,4__ 20 mils,Ef=105 mpsi

B |
ANSYS 5.3
DEC 91997
09:41:32
PLOT NO. 9
NODAL SOLUTION
STEP=1
SUB =1
TIME=1
uy
TOP
RSYS=0
DMX =.001518
SEPC=12.548
SMN =-.001518
SMX =-.176E-03
001518
o ~001369
-.00122
= 001071
[ '
o -922E-03
-773E-03
[
- -624E-03
o ~475E-03
-.326E-03
[ ]
-.176E-03
DoE Review

June 1999



ANSYS Model

=1

=1

=-1
=34.171

=10.219

=-25

CENTROID HIDDEN

ANSYS 5.3
JAN 51998
14:59:32
PLOT NO. 1
ELEMENTS
TYPE NUM
XV

YV

ZN

DIST

XF

ZF

DoE Review
June 1999

fiber tracker_DO, double wall structure




lide Deletio

ANSYS 5.3

DEC 91997
09:48:59

PLOT NO. 24
NODAL SOLUTION
STEP=1

RSYS=0

DMX =.001025
SEPC=40.66
SMN =-.001025
-.001025
-.911E-03
-.797E-03
-.683E-03
-.569E-03
-.456E-03
-.342E-03
-.228E-03
-.114E-03

fiLonnEn

fiber traker_DO0,15 mils Ef=55 mpsi,/except 3,4__ 20 mils,Ef=105 mpsi

DoE Review
June 1999



io Moti

o TTTTT——
Ribbons are laid into same mold

fixture as they were produced in
Machine incorporates

o Precision rotary table

1 Precision vertical lifts

Ribbon is placed at "Fixed Radius”
with respect to cylinder axis

Entire machine is
calibrated/certified in large
Horizontal CMM - Lab 3 Facility

(more later)

DoE Review
June 1999



SHED io Moti

Wl

o i TR

DoE Review
June 1999



MES ae Ael
D WBS 1.1.2.

e The eight individual
cylinders will be
assembled "nested” using

~.750 b

L L ) carbon-fiber rings and
hﬁ T « Low mass
BARREL #3 / ‘L / ¢ ver‘y STiff
\ N i e Glued to cylinders (ID)
LL and fibers (s=20psi)
o 50 mm bend r -
BARREL 42 aq _— 4000P si
L;
BARREL #1 /o J% —
\ N o End to end precision of

better than 20um

DoE Review
June 1999



B, Tracker Assembly IT

* Nesting Carts
1 Fixed OQuter
" | o holds 8
1 7-1 installed
sequentially
« CMM used to
determine relative
position of
cylinders

-« 3 axis verniers
(micrometers) allow
for adjustment

DoE Review
June 1999




Tracker Assembly IIT
| ' ﬂ Overall Support Scheme

e Entire Tracker
I supported off coil

E o Via connection to

end-disk
» 3 and 9 o'clock

1 Coil supported via
connection to central

| || T cryostat

| 1 H %* « Silicon system sits in

carbon-fiber trough
inside cylinder 1
1 H Disks attached to

cylinder 3 via
kinematic mounts

D\ o %"



Waveguide Bundle Fabrication and

outing

BEAM

CENTER

VLPC CRYOSTAT
INSTALLATION
SEPT 98

WAVE GUIDE FIBER
BUNDLE INSTALLATION

%

VLPC CASSEITE \

VLPC CASSEITE

‘ VLPC CRYQOSTAT \
1

VLPC CRYQOSTAT

SILICON TRACKER POWER SUP

PLIES

A

Waveguide bundles
consist of 256 fibers in
light-tight nylon sheath

o Curved connector (256
ch.) at detector

o 2 128 ch. Connector

No optical mixer
o Electronic mixer

o All Waveguide bundles
go directly from
detector to VLPC

cassettes DoE Review
June 1999



SHES Waveguide Bundle outing

We now :
have routing -
for CFT and

complete.

ONE HALF CONNECTOR IN SECTOR 3 ONLY WITH FULL SHARED
CONNECTORS AT SECTORS 1 & 2, AND SECTORS 4 & 5.




o
"B LAYER COUNTERS
sy ‘
998 ———
w5 ——————————f
1153 331
128 RBBON CABLES
bt 75 CFT AL BUNDLES(255 FBES)
A L 3 0P AL BUNDLES(255 FBERS)
| 082" BINDLES PLS 1/15" PLATE
IO
75 CFT STERED BUNDLES(255 FBES) S r 545
3 G5 RADAL BUNDLES(256 FEBERS) gt}
082" BUNDLES PLUS 1/16" PLATE 5 +
5 G5 STERED BUNDLES(255 FBERS) 5
15 FPS BUNDLES(255 FBERS)
082" BUNDLES PLUS 1/16" PLATE
NP 5 GPS STERED BUNDLES(255 FBERS)
‘ ~ 15 FPS BUNDLES(ZS® FEERS)
TOWARD CENTERLINES 0.82" BUNDLES PLUS 1/16" PLATE
RIBBON CABLE /~RIBBON CABLE t DINENSIONAL DETAILS
0 1/8 SCALE =134
128 RBEDN CABLES
175" 1 0.100"
i) N
1
5 GFS STERRD BUNDLES(255 FBERS)
15 FPS BUNDLES(ZS® FEERS) SETOR 50
082" BUNDLES PLUS 1/15" PLATE
RBBON CABLE
e TONRD CENTERLIES
75 CFT STERED BUNDLES(255 FBERS) 5 0PS STERED BUNDLES2S6 FEETS)
2GS RADAL BUNDLES(2S6 FEBERS) 15 1 BADLE2SD FBE)
082" BUNDLES PLUS 1/15" PLATE
128 RBBON CABLES 082" BUNDLES PLUS 1/16" PLATE
128 RIBBON CABLES 1375" X 0.100"
175" X 0.100" r
L 550 4982
| 556, 4862
575 |
T ] L ]
— ‘ | 75 CFT AL BUNDLES(255 FBERS) — ~A
S 2GS AXAL BUNDLES(256 FBERS)
Hon oo n aun = ‘ 082" BUNDLES PLUS 1/16" PLATE
5725 I 00 I A0 N == - -
5725 9400 00N =25 T
5350 I 1400 I A0 N =i J—— @
INENSIONAL DETALS &
B0 N 250 N [ETD l DINEIBIOIEL DETALS
8400 I 14800 I 11150 I — — o THE=TF @ Rt e
o o e
13800 1 R
~ | o
12025 W
AR " -
12025 W PRE\N&% e ]
B R QOUTER R = R WONA, KEELCAOR LGORTOR
13800 N B B LAYER COUNTER
e PO/FCHANICAL |
DO UPGRADE/TRACKING SYSTEN.
i BUNDLE SECTOR LAYOUT #10-PLAN VIEW
e - o
! 2 3 4 — 5 6 7 |




10

250

200

150

100

50

g \ th’/x

Entries 1000
E Meaan 683.04
r RMS 19.41
C Ww/indf91.29 / 56
- P1 58.72 = 0.8553E-01
P2 2181. = 19,30
E P3 8,842+ 0.4643E-01
E 181 1 | | | 11 | 1 ||1I | |I | 11 1 1 I | I T I | I T - | ‘l 11 | 1 I | I
100 200 1300 4400 5600 40000 70700 70800
ABC ehannel
PEDESTAL
- Entries 1000
- Mean 200.6
F RMS 132.2
C ofndfE82.2 /410
- F1 59.44 + 01145
r Pz 1772+ 02189
C P3 298.3+ 0.4334
- P4 4198+ 1.196
L P& 6837 L 10.27
r P& 3970+ 5.720
r P7 164.0+ 2.6869
r PE 5587 + 1.856
r F3 8,784+ 0.8240E-01
r F10Q 18.04 = (1730
r P11 2488+ 0.32490
o P12 28.92 + 1.1
Ci1 A F Y |||| |||\| 11 Poal -MM-LJ-J-J-_LL.I BT -t
100 200 1300 +400 5600 &0@00 70700 70800
ADE ghannel
SIGNAL

« VLPC — HISTE VI

O

O

High QE =80%
Low noise <10% (@ =1 pe)
High Rate capability
x >40 MHz
High production yield
2 =70%
(vs. 27% projected)

DoE Review
June 1999



3
D
J°E
99W

o
-
0
7))
S
3
=
g
-
2
5
N
o
o

k e
D.m o b
(@) M lm .mu
= .m W ..ln o
.ls. S Oo .m 3 S
Q Q 10 ‘ - © T
0 O = b S
(»)) Y = !
-
| 9 o "R — wl M
o) o < = > o
= > Aw S .T.“e ) 8
Y
—
y -FM e 5
w (= >
° -
< | 3 “ m- =
>
“ [e]
4 O
N o <
~
e (A =
R = 7 g
L °
Q o 8
R o)
| Q o 0
s | x .
7 > S
O n )
- lll"l4l
“|r!’ —
— __ . u
— — —= — uu“nm 1_nu
: — — = . : ,c.“.& IS
- — = e R } J%»““
3 = Hl =
, = oo %»um. ounuﬁ.w\alnhmhqzn“n&nnm nln
T 50 00«0. |>0000. .%0“00 - 4h’0<>300s< 000000%
~ e ......;.w."&%.w........
; o %nnw@-hoz&s = onn»»n«t.u%zos%%nn»ww“
; == oonwu«nr.w%nus %on»no»«n%%%%ouzos&
O, - %000?b»noinuononwioo%oiii080““““““. n4U
T % 803%’140»‘0 3 30000880000%000 08%
) % 80004»04 onn%onmoo%oioo%%%%““%o 3 S
: = 3 0008(.&\% »008000008800000“““00000 3
ol | — s %““nn«iu@%%%o““nn%%n“n%% 000%.
| . - 0000080“““““%000008800%%%%““
=z 8003"%%%008&888%8%&% o
T v S 000%00000000300888000“““ 00.
O, = S - 00%0888888888“%0 < Q
o i wo%« = 800%088880%8388. N
| — owwnnwou\ 4»00%0%%%%%%%388.
4 | ..»““““““.u.@“%““““%“m
| o »dnw»nnuouﬂ%%o%oiionwwn“n
, ~— %%80«00%%%08%&%&
(@] R, ,000883»8800“"00 5 | O
0, ,.»"“uuu%.......... S
(D) , 88 ] 00303%“%“%“““%
N o ,.,Mmmu%u&
08%«04 .o%oo%nwnwm
& 000&0‘ 4»0080 4 o
' 0080‘} )038%0@
o 88«0“'%8“"“% bl
' 8804..0008 5
(qV] 08%0«“000%
, 8%% o
, 80388 <
= g g
O, % 3
, <
— : !
:
1 o
04




w

2/

CASSETTE
and VLPC

FIBERS

Each CFT/CPS
Analog board
has 8/12 MCM'’s

Digital Mixer

DIGITAL
FRONT END
BOARD

TO MUON,

—Qn_. X% of Qin
|| 18) Discriminator Out
VLPC |73 | . SIFT
1-X% of Qi
|| 18) Discriminator Out
I 18 SIFT
L2 SYX  p
f %/ 72 inputs 1?_?/&'_“2
Qin S X% of Qin = to Leve
L 8 > Discriminator Out
VLPC " a S SIFT | ,
1-X% of Qig 18
|| 2 Discriminator Out
Tl SIFT
18
Threshold A Threshold B
* Charge splitting only for PreShower DoE Review

June 1999

SERIAL LINKS

RECEIVERS, etc.



SHED Tracking Trigger Overview

(1) Feed all axial fibers (+CPS) into logic

Trigger response for Z — ee with 4 min.bias
gates/cells in Programmable Logical

60 CFT Trigger XY View
DeViceS 5 - Event8 o & S5
(2) Fiber hit pattern recognitioto look for ol S U I A B
S N D A 2 LY
tracks consistent with momentum B > AN N L
<o e
1.5 GeV/c 00 | of
- - 790 .
(3) Send out the track information to i : R
e — ' : o o
outside L1 CFT T i
-20 — e s W | 09
“ % 40 |- Al
®) 60-60 -4‘10 y (Cm)GO
0

DoE Review
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E‘j—f@ T ecrn Trigger

e Central : Match between CFT and CAL
CPS to form electron candidates.

* Forward: Match between upstream CPS
and downstream layers in FPS.

» Match between CFT/PS and CAL. - CET

DoE Review
June 1999



@—f@ T rack eicienc
CFT Track efficiencies only for tracks from beam Spot

S, 1.05
(&)
[
Qo
Q
T W** ***—*—*—*—*—*r*r*—*—*—*—*—f**—*—**—*—*—*7*25®*—7t—* JHIHK *;*g GFRARERK
- b 0 0 68 T O
o} | bos Q0T OaTS LT ET0 ATOY
S CoT T e Y ol L TN
Ed osS %l Pt @
190
09—~ O
él
085
O
| O Electrons
0.8
* Muons
0.75—<:5
0'7 \‘\ [ ‘ I | ‘ L1 ‘ L1 ‘ | I | ‘ | L1 ‘ | I | ‘ | I | ‘ | I | ‘ | I |
0 5 10 15 20 25 30 35 40 45 50
Pt (GeV)
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o\ Track inning

- P binning yields sharper turn-on than offset¥ binning ...

offset = [(projection of H layer fiber hit on A layer) - A layer hit fiber] in units of fibers

c Q —
) DD D LT T T Sk kA c
'O 5K | @ 1
5 At g |
. L ]
() * — ’a?
= *’ * offsets< 1 = , : |
IR 2 ' * I O Threshold: 10 GeV/
0.6 I )Ié offsets< 2 1 061 : 5 i
: . | f : : I ; 1
: | | o offsets< 3 | 7 : Threshold: 5 GeVi
f i I | :
® | f : A Threshold: 3 GeV |
0.4 i ' "Jf = offsets< 6 1 04l i
': : ® Threshold: 1.5 GeV
) A offsets< 9 : |
IR i ' (IR f
0.2 I 4 ® All offsets 1 02| : |
: III | . ;
| o
o‘l‘?’.Q*I%I 07“48‘:“‘?““““‘““““““““7
P (GeV
T ) RyoE38Vikbw

June 1999



o, Production Status
- T
N
VLPCs
Waveguides MProduction

Assembly/Nesting

BTooling Fab,
Prototyping,
Procurement

MEngineering and
Design

Ribbon Mounting
Cylinders

Connectors

Ribbons

Fiber

0 20 40 60 80 100

Percent Complete

DoE Review
June 1999



26 ier Tracker
ir

Fiber Tracker Cost History

lesskrprs B | |

6/1/99

1/11/98

2127197

BTotal
BContingency
B M&S

DoE Review
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% \ th’/x
‘%///)

Scdu

B
a
Al Durtion | Start Finish Héﬁgﬁm AEE T £1115:91E|£1rtr AEE T ;ﬁgfh;rtr AEE T ;201D|mr 7]

1 E Tracker Enginesring Design | 105 wks Tug 17286 Mon 1593 i
2 |[Fd Fiber Procurement 100 whks  Frit12M3533 Thu 1143487
3 Cylinder Fabrication 42 wha Tue 14588 Mon 1002693
4 |[Fd Ribbon Procuction 27 wikis Tug 6M/@3 Mon 12593
3 Ribban Mounting 2ywks TueBMS99  Mon 15300
B Tracker Azsembly (Nesting) 20 whks Tue 97989 Man 172400

DoE Review
June 1999



g \ th’/x

cee

TN
VLT DURLI | S AL @129|9t;’ii 3[04 o |Q129|9Q?3 [a4 o |Q129|9QB 3[od ol |@129|QQE1i 3[04 o |Q22D|Dc?3 [04

1 |EWLPC CASSETTE MANUFACTURE 238w Fri 9/115/05 Mon 7i3:00 :

2 VLPC DEVELOPMENT 484w  Mon 51396 Fris20O7 || ——— E

11 = CASSETTE MANUFACTURE 2318w Fri 911505 Thu 518700 :

12 Task Il 1414w  Wed 11/1/95 Tue 9/1/98 E

30 = HISTE V1 Cassette Procurement 2318w Fri 91505 Thu 5/18/00 : v
31 Design Finalization By Wed 972193 Wed 10014598 100% = E

32 I Cassette Parts Procurement | 876w Tue 9/2/97  Mon 6/14/99 t

33 Finalize Engineering Drawings 4wy Wed 97288 Wed 9r30098 100% ®/ E

34 Submit Parts for Bids 32w Tue Q2597 Tue A23G7 100% R |

35 Pwvard Contracts-Fyay 02w Wed Q24087 Wed Q24597 100% 1 E
36 Qualify Flex Circuit YWendor 84w Thu 9:2597F Fri 6/11/00 E= '
37 Awvard Contracts-Fy99 0.2w  Mon 6/14599 hon 6514599
38 Assembhy Tooling 4w  Mon 31698 Fri 411098 had
1 Special Test Equipment 1114w Mon 4/1/96 Fri 6/26/08 v
50 Cassette Production Readiness Review 0w Fri 6/11/99 Fri 6/11/99
51 HISTE ¥1 Hybrid Production 1888w Fri 9/115/05 Fri 7/2/100 :
59 Cassette factory setup 21w Mon 41398 Wed 9/0/08 A— |
64 Module Assembly and Test 76.8w  Thu 91098 Thu 4/6/00 :
68 El Cassette Assembly and Test 44w Mon 62899  Thu 51800
69 ModulefHyhrid integration 40w hon BI28/59 Thu 420/00
70 Cassette assembly 40w Tue 711399 Thu ar4i00
Fi WN3-VILPC Casselte Assembiy Begun 0w Tue 7/13/99 Tue 7/13/99
i2 W3-V PG Cassette Assembly 50°% Complete 0w The 12/2/89 They 12/2/99
73 WM3-VLPC Casselte Assembiy Complete 0w Thu 5/4/00 Thi 5/4/00
74 Casszette Test 40w Tue 7I27/99 Thu 5M 800

=E

DoE Review
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WP ) CFT Physical and Trigger sector
D 2 ondaries tical ier

“iT6"channel“connecTor mappmg
] to cassette (X,U,V)

. : . 0 require Y splices

« L1 trigger electronics

requires mapping of signals
from L1/8 2/7 ..

« Five fold symmetry within
CFT and L1 Trig

« Optical Mixer (New)
o Mixer
. 128 in -

o Patch Panel
» 32 X8chin -

DoE Review
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Fast Copper Serial Link

G Link
O {8}
D_ CFT FE {80} BROADCASTER >| L1CFT/CPS Trigger Manager
| and

> > CPS AXIAL P (CFT) {6}

[80] (CPS AXAL) p[L2CFTpp |
O
— CPS
Y=  —— STEREO 4
) [10] =
—_— {10} 2 L2CPSpp
@®© >
-
(@) {}
— BROADCASTER
n FPS {32}
S _> (CPS STEREO) {8}
(¢b) [32] (FPS) | LIFPS Trigger Manager |
O
LL
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B2 Physics Goals

e Precision Tests of the Standard Model

0 precision measurements (top mass, W

mass, ...)
» Constrain the Higgs Boson Mass 80.4 [ <

o improvements to B physics capabilities s F &
1 (B, mixing, CP violation, ..) b o
0 QCD with W, Z, photon :

« Extend the Discovery Reach
130 140 150 160 170 ‘WSO‘ ‘190‘ éOO

1 More data samples allow significant M (Gevic)
o . top
increases in the reach for SUSY,
leptoquarks, W',Z', anomalous couplings,

80.6

M,, (GeV/c?)

o)
o
o

I
>
2

801 [
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